In the catchment area of the Lake Patzcuaro in Central Mexico (933 km 2 ) the apportionments of erosion, sediment, nutrients and pathogen coming from thirteen micro basins were estimated with the purpose of identifying critical areas in which best management practices need to be implemented in order to reduce their contribution to the lake pollution and eutrophication. The ArcView Generalized Watershed Loading Functions model (AV-GWLF) was applied to estimate the loads and sources of nutrients. The main results show that the total annual contribution of nitrogen from point sources were 491 tons and from diffuse pollution 2,065 tons, whereas phosphorus loads where 116 and 236 tons, respectively during a thirty year simulation period.
INTRODUCTION
The diffuse pollution in Mexico has been characterized at site specific level; therefore there is a need for a diagnosis that will show the magnitude of contaminated rainfallrunoff input into the water bodies. In developing countries and for many catchment areas, nonpoint pollution is more important than that represented by point discharges.
In developing countries, the difference between point and nonpoint sources is not yet well defined. In some places, the levels of sewage system coverages are low and the pollution problem is of a nonpoint nature. In small localities, the houses do not have drainage and excretes are deposited in the backyards through latrines or in septic systems, increasing the risk of contamination in the subsoil and surface bodies. Rain carries these pollutants to water bodies such as aquifers, rivers and dams. Combined sewage systems are generally in poor state; the accumulation of solid wastes in urban areas represents a serious nonpoint problem that results in a significant impact on the water quality of water bodies.
The Mexican Institute for Water Technology (IMTA) has coordinated the Program for the Environmental Rehabilitation of the Lake Patzcuaro Basin, sponsored by the Gonzalo Río Arronte Foundation since 2003. In the Paztcuaro Lake, doi: 10.2166/wst.2008.820 farmers use chemical fertilizers to increase their crop production, these chemicals get washed down into the lake and cause pollution, algae and aquatic weeds growth.
Chemical and organic wastes from open garbage dumps also get washed down into the lake. These conditions reduce the oxygen available for fish needs, affecting the fisheries of native and introduced species in the lake.
In addition sedimentation, evaporation and extraction of water are causing reduction in the volume and area occupied by the Patzcuaro Lake.
As part of the assessment strategy several studies are being conducted to assess the pollution sources, the trophic state of the lake and the potential remediation measures. At present two artificial wetlands has being built in the region as part of the recovery expectations for 2006 -2008 (IMTA 2005 INEGI 2005) . For this work, the main objective was to estimate the nutrient loads coming from thirteen micro basins into the lake Patzcuaro in order to identify and recommend actions for its rehabilitation. lakes of Patzcuaro (IMTA2007a,b) and Cuitzeo ).
Spatial and non-spatial data was processed and analyzed. In regards to the spatial data, existing cartography was compiled (topography, hydrography, soils, geology, populations) and a series of layers was created with Arc
View. Using satellite images, digital terrain elevation models and data generated by studies of ecological regulation, micro-basins were delimited and main land uses were determined. Parameters corresponding to the Universal Soil Loss Equation (R, K, L, S, C and P) (Figueroa et al. 1991) were estimated according to the land use and hydrological classification of soil groups, Figure Tzurumutaro and the five current that discharge into Patzcuaro Lake. A sampling campaigns in five extraction wells (NT, NO, NH 3 , NO 2 , NO 3 , PT, PO4, and SST) and a soil sampling campaign in five points of the basin were carried out to determine its physical and chemical properties.
The AVGWLF model was applied to estimate the loads and sources of erosion, sediment, total nitrogen and phosphorous, as well as pathogens (Evans et al. 2002) .
Through the data integration such as precipitation, temperature, land use and erosion parameters, which are among the most important ones, the model simulate runoffs and loads of erosion, sediments, nutrients and pathogens.
RESULTS
The base information was incorporated into the AVGWLF interface and the model was run with 30 years of climate daily records (1974 -2006) . The obtained results for monthly averages of transport processes are pointed out in Figure 3 (precipitation, runoff, evapotranspiration, subsurface flow and groundwater).
The annual average loads of erosion were 306 tons and sediments were 39 tons total, whereas monthly averages of erosion and sediment yields are presented in Figure 4 . In terms the percentage of total phosphorus input per source is as follows; point sources contribute with 32.9%
and nonpoint sources with 67.1% Figure 8 .
The annual rates of erosion and sediment yields by micro basin are presented in Figure 9 . The monitoring results for nutrients, nitrogen and phosphorous concentrations in water were measured in the streams and the contributions from each micro basin were estimated and they are shown in Table 1 and Figure 10 . The city of nant land use, the 13 micro basins that comprise the Patzcuaro basin were classified as shown in Table 3 . This micro basin classification will help to identify similar micro basins and to design and implement best management practices in order to evaluate their effectiveness in the long term.
CONCLUSIONS
Contribution to total nitrogen and phosphorus loads from urban and septic systems are of high concern because the present waste water treatment technology at municipal level fails to reduce nitrogen and phosphorus loads in discharges.
Besides, most septic systems are outdated and not maintained at satisfactory sanitary levels.
The results from TN and TP loads in agricultural areas were also elevated mainly between irrigated and rain-fed areas at micro basin level, with important physiographic differences like slopes and crops that need to be taken into account to reduce nutrients contribution.
In terms of erosion three micro basins are of major concern Ajuno, Tzurumutaro and Patzcuaro, the largest one with predominant agricultural land use and mixed land uses. In addition, the approaches and priorities for waste water treatment; soil management and conservation practices at micro basin level are focus on the former as well as in other micro basins with high diffuse pollution contribution such as Erongaricuaro and San Andres.
Some refinements for the estimation of diffuse pollution are being developed as well as the selection of best management practices that can be adopted by local people and under monitoring in the long term to assess reduction in the apportionments of nitrogen and phosphorus in one of our most important lakes for their local traditions and internationally well known tourist activity.
The predominant land use is an important criterion to design the BMPs as well as the similarities among microbasins that will facilitate the evaluation of diffuse pollution and its control. Nevertheless, the identification of specific physical and anthropogenic features is also of high concern to be successful in its implementation. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 Irrigated agriculture 1, 2, 3, 4, 5, 8, 10, 12
Rain-fed agriculture 3, 4, 7, 8, 9, 11, 12 1, 2, 5, 6, 10, 13 Forest 5, 13 1, 2, 4, 6, 7, 8, 10, 11, 12 3, 9
